Summary. Despite differences in FSH concentrations ranging from 1\m=.\5 ng/ml (Romanov ewes) to 4 ng/ml (Ile-de-France ewes) 
Introduction
Growth of follicles > 2 mm diameter in sheep is acutely dependent on gonadotrophins (Dufour et al, 1979; McNeilly et al, 1986) . However, the extent to which gonadotrophin concentrations contribute to the different number of follicles ovulating in breeds of different fecundity is still unclear. While there is general agreement that LH is not involved in the control of ovulation rate (McNatty et al, 1981a) , discrepancies exist in the concentrations of FSH in prolific and nonprolific breeds of sheep. Prolific D'Man and Booroola ewes have been reported to have higher FSH concentrations during the follicular phase compared with their local controls (Lahlou-Kassi et al, 1984; Bindon et al, 1984) . In contrast, studies undertaken in the two other prolific breeds of sheep (Romanov and Finnish Landrace) have either revealed a non-significant superiority in FSH values in the prolific Romanov ewes over the Ile-de-France controls (Cahill et al, 1981) or no difference when Finns were compared with Suffolk ewes with lower ovulation rate (Webb & England, 1982) . Furthermore, within a prolific breed, there was no significant correlation between ovulation rate and follicular-phase FSH concentrations (D'Man: Lahlou-Kassi, 1982; Booroola: Bindon et al, 1986 ; Romanov: M. A. Driancourt & L. P. Cahill, unpublished results) . This could mean that differences in FSH concentrations between some prolific breeds and their controls may only be an effect of the different number of ovulatory follicles rather than a cause of high ovulation rate.
The aim of this work was to study whether there was a linear relationship between gonadotrophin concentrations and growth of large follicles towards ovulation. Therefore, in profile Romanov and non-prolific Ile-de-France ewes, follicular growth was compared during the luteal and follicular phases, two periods which differ markedly in their hormonal environment (Baird et al, 1976; Baird, 1978; Miller et al, 1981 (Driancourt & Cahill, 1984) . Previously labelled follicles were also measured. The 6 Ile-de-France and 6 Romanov ewes of the follicular-phase group underwent the same procedure at Days 13 and 15 of the cycle and after they were detected in oestrus (about Day 17) . This procedure of ink labelling of follicles has been repeatedly shown not to interfere with the mechanisms controlling ovulation rate After recovery from surgery (usually I h), the ewes were injected intramuscularly with 750 i.u. PMSG (Chronogest: Intervet). This was followed, 24 h later, with 500 i.u. PMSG and 72 h after hypophysectomy with 750 i.u. hCG (Chorulon: Intervet). All ewes were killed 3 days after hCG injection. During the time between hypophysectomy and slaughter, they received daily glucocorticoid replacement therapy (0-2 ml Dexadreson/day: Intervet) and were blood sampled twice at the time of hCG injection and just before slaughter for the assay of prolactin concentrations to check the completeness of hypophysectomy.
Assays. FSH concentrations in Exp. 1 were measured using the homologous radioimmunoassay described by Blanc & Poirier (1979) . The results are expressed as ng HG FSH 225/ml which has a potency of 35 x NIH-FSH-S3. All samples were measured in a single assay. Sensitivity is 0-25 ng/ml and within-assay coefficients of variation are 9% and 18%, for concentrations of 10 and 4 ng/ml respectively. In an attempt to overcome the large between-ewe variations in FSH concentrations, three types of FSH patterns were defined according to the magnitude and the timing of the changes noticed: no feed back when there were no consistent changes in the FSH profile, early feed back when a drop exceeding 25% compared to the previous values was detected before the 4th bleed, and late feed back when a similar drop occurred later (usually between the 7th and the 9th bleed). Each ewe was then ranked in one of these three patterns.
Prolactin was measured using the homologous radioimmunoassay of Kann (1971) in the samples from Exp. Ill to check that hypophysectomy was complete. The results are expressed as ng NIH-P-S6/ml. All samples were measured in a single assay. The sensitivity of the assay was 0-3 ng/ml and the within-assay coefficient of variation was 15%.
Statistical methods. For each breed, the FSH concentrations measured in Exp. 1 were compared by a two-way analysis of variance that takes into account repeated measures on the same animal to detect the effect of the stage of the cycle and of the sample number within stages as described by Gill & Hafs (1971) . The stage of the cycle effects were tested against the between ewe mean squares. Follicle numbers and growth rates were compared using the Mann and Whitney U test (Siegel, 1956) .
Results

Experiment I
Follicular growth in Romanov ewes. There was no difference between stages of the cycle in the number of follicles growing between the first two laparotomies (Days 3-5 and Days [13] [14] [15] or between the next two laparotomies (Days 5-7 and 15-17). Follicular loss through atresia at the time of selection (i.e. the ratio of the number of follicles growing between the second and third laparotomies to the number of follicles growing between the first and second laparotomies) was also similar between stages of the cycle (Table 1) . Values with different superscripts differ (P < 005).
In contrast to the lack of effect of the stage of the cycle on the pattern of follicular growth, there were differences in the sizes and rates of follicular enlargement of the follicles monitored through the repeated laparotomies (Table 2) . At the first laparotomy, the follicles growing later were smaller during the luteal phase and grew faster between the first two laparotomies.
However, the size of the marked and growing follicles at the second and third laparotomies, as well as their growth rates, were similar between Days 5-7 and 15-17. Also the maximum size of follicles reached during the luteal phase was similar to the preovulatory size.
Follicular growth in Ile-de-France ewes. Again, there was very little difference between the follicular and luteal phases in the pattern of terminal follicular growth. The number of follicles involved, their sizes at the successive laparotomies and their growth rates were unaffected by the stage of the oestrous cycle (Tables 1 and 2). FSH concentrations. As shown in Fig. 1 , in Ile-de-France ewes there was a significant stage of the cycle effect (P < 005) and a significant time by stage of the cycle interaction (P < 002). In contrast, Romanov ewes had only marginally higher FSH concentrations during the follicular compared to the luteal phase. Individual patterns of FSH secretion between animals were highly variable and when each ewe was ranked in one of the three patterns previously defined, there was no effect of the stage of the oestrous cycle on the distribution of Romanov ewes in the three types (Table 3) , but there was for Ile-de-France ewes (P < 0-05) (Table 3) . This further supports a difference in the pattern of FSH secretion between the stages of the cycle in this breed. in the remainder of the ewes was 1-4 ± 0-5 (range 1-2) in 5 Ile-de-France ewes and 5-5 + 3-9 (range 2-11) in 9 Romanov ewes, demonstrating that, when challenged with similar doses of gonadotrophins, the ranking of the two breeds as prolific or non-prolific was retained.
Discussion
Since the pioneering work of Land & Falconer (1969) , ovulation rate has been thought to be controlled by gonadotrophin concentrations and/or ovarian sensitivity to gonadotrophins. Indeed, in some prolific breeds of sheep, high gonadotrophin concentrations and/or high sensitivity to gonadotrophins have been reported (Lahlou-Kassi et al, 1984; Bindon et al, 1986; McNatty et al, 1987) . However, with the discovery that within ovine follicular fluid there may be other regulators of ovarian function (Cahill et al, 1985a, b) , the mechanisms controlling ovulation rate in sheep are still unclear. The aim of these present studies was to investigate the role played by gonadotrophin concentrations (mainly FSH) in the differentiation of the ovulatory follicles and ovulation rate within breeds (Exps I and II) and between a prolific (Romanov) and a non-prolific (Ile-de-France) breed of sheep (Exp. III). The results suggest that there is no linear relationship between gonado¬ trophin concentrations and growth of large follicles to ovulation. Firstly, terminal follicular growth was similar between the follicular and luteal phases, two periods which differ in their hormonal environment. As differences between these two stages in LH and steroid concentrations have been extensively described (Baird, 1978) , this study was limited to the measurement of FSH concentrations. Secondly, when given similar amounts of exogenous gonadotrophin hormones after hypophysectomy, Romanov ewes still had a significantly higher ovulation rate than did the Ile-de-France ewes.
Follicular growth is active during the luteal phase as demonstrated by previous histological studies of the ovaries (Turnbull et al, 1977; Lahlou-Kassi & Mariana, 1984) . However, due to the inability of these techniques to investigate the continuum of follicular growth in sheep, no com¬ parative study of the growth of large follicles during the luteal versus the follicular phase of the cycle has been undertaken. Ink marking of individual follicles at repeated laparotomies can be used to monitor the dynamics of preovulatory enlargement (Driancourt & Cahill, 1984) . It demonstrated that, whatever the breed, most of the measures of terminal follicular growth (growth rate of the large follicles, number of follicles growing to preovulatory size, maximum size attained) were identical in the early luteal and follicular phases of the oestrous cycle. This is in good agreement with reports on the growth of large follicles throughout the oestrous cycle in cattle (Pierson & Ginther, 1984 , but differs from results for women (Gougeon & Lefevre, 1983) , pigs (Dyck, 1983) and pony mares .
While Exp. I demonstrated that follicular growth was morphologically similar during the early luteal and follicular phases of the oestrous cycle in both breeds, Exp. II indicated that this similarity could be extended to the functional ability of the follicles. The similarity in the ovulation rate induced by hCG injection during the follicular and luteal phases in both breeds suggested that the number of follicles with significant numbers of LH receptors on the granulosa cells and possibly the number of LH receptors per follicle, were unaffected by the different gonadotrophin concentrations observed during the luteal and follicular phases of the cycle, confirming an earlier report (England et al, 1981) . Differentiation of LH receptors is thought to result from a joint action of FSH and oestradiol (Richards, 1980 ). The present study shows that there is some flexibility in the gonado¬ trophin and steroid concentrations needed to trigger the differentiation of LH receptors. A similar conclusion has been reached for cattle in which luteal-phase follicles have as many LH receptors on the granulosa layer as during the follicular phase (Ireland & Roche, 1982 , 1983 despite dramatic differences in oestradiol content of these follicles (Ireland & Roche, 1982 , 1983 and differences in gonadotrophin concentrations Schallenberger et al, 1984) . Maintenance of dominance while the other follicles undergo atresia is believed to be linked to the high oestradiol content in follicular fluid of the dominant follicle (Baird & McNeilly, 1981; Driancourt et al, 1985b) . However, while the oestradiol content of the dominant follicle is markedly smaller in the luteal phase than during the follicular phase (McNatty et al, 1981b) , its ability to maintain dominance in the luteal phase is striking since it has a steady size from Day 7 to Day 9.
The magnitude of the changes in gonadotrophin concentrations required to stimulate follicular growth is unclear in domestic animals. In humans it has, however, been claimed to be small (Brown, 1978) . In this study, differences in FSH concentrations averaging 4 ng/ml and 1-5 ng/ml between the follicular and luteal phases were noted in Ile-de-France and Romanov ewes, respectively. The similarity in the pattern of follicular growth, despite these differences in FSH concentrations, may indicate that gonadotrophins are likely to have a permissive action on growth of large follicles. Once their level exceeds a threshold, recruitment and selection of the ovulatory follicles can proceed under the control of the other regulatory mechanisms . Additional gonadotrophin would not affect these processes until the next threshold is reached when excess gonadotrophins override the other regulatory mechanisms. Such a situation is likely to occur after FSH administration (Wright et al, 1981) or following a follicular fluid treatment (McNeilly, 1984) . A similar hypothesis with successive thresholds has been suggested to explain the ovarian response to superovulation (Saumande et al, 1978) .
The observation that Romanov and Ile-de-France ewes retained a close to normal ovulation rate even after hypophysectomy and treatment with an identical regimen of exogenous gonadotrophins indicates that some thresholds might be similar between prolific and non-prolific breeds. This is in agreement with a similar study in Booroola and Merino ewes (Fry et al, 1986) .
Furthermore, the finding that Romanov as well as Booroola ewes, when hypophysectomized and given the same amounts of exogenous gonadotrophins as their local controls, retain their ovulatory superiority shows that differences in FSH concentrations between these prolific breeds and their controls are only associated with their high prolificacy and are not causing it. This is in good agreement with data demonstrating that the factors responsible for high ovulation rate are present when the hormonal environment is markedly different from the concentrations found during the follicular phase: (1) during seasonal anoestrus, the number of oestrogenic follicles is higher in prolific Finns compared to Blackface ewes (Webb & Gauld, 1984 , 1985 Collectively, these data suggest that, in the breeds studied, quantitative differences in gonado¬ trophin concentrations do not contribute to the high ovulation rate of the prolific compared to the non-prolific ewes. Nevertheless, since we used acutely hypophysectomized ewes, we cannot discount that gonadotrophin concentrations before the hypophysectomy may be important in 'priming' the ovary for later events. However, as conclusions similar to those reported here have been reached from work with chronic hypophysectomized ewes (Fry et al, 1986) , the most likely factors involved in the control of ovulation rate are ovarian sensitivity to gonadotrophins and production or sensitivity to intraovarian regulators of follicular fluid (Ledwitz-Rigby et al, 1981; Hammond et al, 1981; Reichert et al, 1981; DiZerega et al, 1982; Cahill et al, 1985b ).
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